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Abstract 
Pneumatic control systems are built using various types of valves of which each single one is to meet specific constraints given 
by the environment a brake system is operated in. In the perspective of a manufacturer of pneumatic appliances this results in a 
high number of product variants, while each variant requires several product versions. 
Complexity of product range inflicted by e.g. functional requirements might increase with the growth of a company, if the 
products of absorbed enterprises are retained and employed as a basis for new developments as well as the firm’s original 
products. Thus the aim of the approach presented in this paper is the identification of highly similar or even redundant products 
and the design of standardized components in order to facilitate the development process and to reduce current manufacturing 
costs. Thereby the approach should give the means to determine what has to be standardized and optimized in product 
architectures and how external and internal constraints should be taken into consideration. 
By the use of functional modelling the products embodying physical solutions of identical function structures are recognized. 
Further the function structures of all product types are compared with the objective of discovering identical substructures. By the 
analysis of substructures, contradictory as well as consistent ones, standardized patterns and problem statements can be derived. 
Finally standardized designs can be defined for each problem statement to form a construction kit to be used over all product 
variants. 
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1. Introduction 
The design of a company‘s product program is crucial for its success in the market. One the one hand a maximum 
of customer orientation is to be achieved. On the other hand this endeavour may have an impact on development and 
production costs, since not only the expenses in development increase through a high number of product adaptations 
but also production costs are raised by a high number of different components used in product assemblies. 
The product range may comprise a large number of products using the same technologies but embodying 
different functionalities, as it is the case in the use case presented in this paper. In order to ensure the company’s 
competitiveness the necessity might arise to maintain the current product portfolio fulfilling the customers wishes to 
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the outside, while internally the current design has to be rethought. This may have an even higher importance if with 
the growth of a company the products of absorbed enterprises are retained and employed as a basis for new 
developments as well as the firm’s original products. 
In the next section it is described how variant management currently is employed to meet the situation described 
above appropriately. 
1.1. Variant management – state of the art 
Variant management can be achieved via the use of different strategies. The simple elimination rarely sold 
products from the product program may lead to benefits [1], as their production costs likely are higher than those of 
frequently sold products. 
According to Renner [2] variant management strives for reaching an optimal degree of complexity either by 
elimination, reduction or control of complexity. Both Renner [2] and Maurer [3] state that potentially successful 
applications of complexity reduction can be the implementation of building blocks, platforms, or standardized 
interfaces. This can be accomplished by the modularisation of product architectures. Thereby design lead time and 
costs can be reduced as well as design quality improved. Redesign and change processes are influenced positively as 
well. Moreover, the standardisation of components is supported by modularisation [4, 5, 6]. 
According to Ulrich and Eppinger [7] a product’s architecture is formed by the physical representation of its 
functional elements, and the specific relations between the physical components. Further the specification of the 
interfaces among interacting physical components has to be taken into account [4]. 
In the course of modularisation product architectures are decomposed into modules. These modules are units 
each providing a unique basic function necessary for the product to operate as desired [8]. The decomposition is 
often conducted using functional structures. For example a functional structure can be set up to define modules with 
the purpose of identifying and building distinct brand platforms across a product family [9]. 
Product function structures are also employed to identify modules which can be diversified to deliver product 
variety according to customer needs and functional constraints [10]. Additionally lifecycle and serviceability aspects 
into consideration are taken into consideration in analysis of architectures [11]. 
Functional structures can be derived by hierarchically decomposing a product’s main function to detailed 
functions [12]. In the field of TRIZ functional analysis starts with stating the primary useful or primary harmful 
function [13]. Beginning from that point the complete structure is gained by considering each function whether other 
functions influence or are influenced by the former one. 
1.2. TRIZ – abstraction and standard solutions 
TRIZ – the theory of inventive problem solving – comprises a collection of different tools, which can be 
summarised and described by the four pillars of TRIZ: Systematic, knowledge, analogy and vision [14]. 
The initial problem, the design task, is analysed systematically. To solve the problem existing design knowledge 
is for example used in the form of databases and analogies, i.e. standard solutions, are drawn. Moreover evolution 
principles or the s-curve of a product or technology serve to predict the necessity or possible direction of innovation 
[14]. 
One link between variant management and TRIZ lies within the application of functional analyses. This way of 
abstracting the initial task in development serves as a basis for further steps. 
Dewulf [15] introduces the so called directed variation. Therefore the genetic code of a product, i.e. the product 
DNA, is analysed. By abstractly describing a product’s functions and properties using standardized functions with 
defined links to properties, alternative designs can be derived. The formulation of the abstract DNA enables 
designers to rethink the functionalities and physical representation without being stuck to the current design. 
Miecznik and Glaser [16] developed an approach for reverse market research. By analysing key products of a 
company and the abstract formulation using the innovative principles [17] catchwords are derived. These 
catchwords are applied to search of patent databases. The aim of this procedure is the identification of market fields 
in which the core competencies and strengths of a company could be of additional value. Thus the identification of 
new market segments is achieved. 
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Schuh et al. [18] use a database of generic mechanisms to be employed against product piracy by applying the 
analogy approach. Promising principles are selected and elaborated to specific solutions for a company or methods 
in additional TRIZ-workshops. 
1.3. Multiple product variants and standardization 
The approach presented in this contribution aims at restructuring a company’s product program. Redundant 
products providing identical functionalities and fulfilling the same requirements are identified. 
In a next step the functionalities of different product types are compared with the purpose of standardising the 
currently used components in such a way that the development process is facilitated and manufacturing costs are 
reduced. 
The original product range is observed integrally with the purpose of modularisation. Functional modelling 
serves as means to abstract the analyzed functionalities. From the gained structures a set of general functional sub 
structures is derived, which serves as a basis for the design of a standardized construction kit. The kit consists of 
standardized modules, which can be combined to products comprising all original functionalities. 
The solutions forming the single building blocks are derived partly from a database created during the analysis of 
products and comprising current design elements. Therefore the existing design knowledge and the core 
competencies can be preserved in a company specific database. Additionally TRIZ tools like the s-curve or the 40 
innovative principles serve as means to evolve the current product portfolio technically [14, 17]. 
In contrast to Gietka and Vermin [19], the aim of the database linking functional structures to existing solutions is 
not only to reuse design elements in order to generate as many design alternatives as possible, but to select designs 
appropriate to achieve standardization of the complete product range. Moreover in the application of the approach 
presented in this paper strengths and weaknesses of current design are documented by the use of functional 
substructures. 
Dewulf [15] describes the task design to be solved by a combination of functions and properties. Both the 
functions and properties and the linkage between the two domains is defined in a way that a set of functions and 
product properties from the genetic code of a product. This abstract formulation is used to generate creatively new 
solutions comprising the original functions. Design knowledge embodied in the current products is not used for the 
development of new products. Further the task of standardization is not addressed. 
Miecznik and Glaser [16] use abstract product functions and properties in order to identify new markets. Schuh et 
al. [18] aim at eliminating the danger of product piracy. Both do not cover standardization of the current product 
program. 
The scope of the presented approach differs therein from the state of the art that an existing product range is 
completely restructured and modularised. A minimum of elements or modules form a construction kit which can be 
used to generate products fulfilling at least all original functionalities. This is achieved by the application of 
functional analysis, the derivation of a knowledge database and the generation of new solutions using other TRIZ 
tools supporting innovative new designs. It is to be examined whether the advantages of modularisation and TRIZ 
can be brought together in this context. 
In the following section of this contribution the approach aiming at the restructuring a company’s product 
portfolio regarding multiple product variants is presented. Regarding the case study covered in section 3 in a first 
step the current technology is to be maintained by the single use of the derived database. In future a second step 
might be the application of creative inventing tools. As it is still work in progress the scope of this paper lies mainly 
on the analysis of the current product types and versions. Finally the content of this contribution is summarised in 
section 4 and an outlook on future work is given. 
2. Approach 
This section shows how multiple product variants can be examined in order to identify redundant products as 
well as functional similarities. Further the approach covers the procedure for the synthesis of a construction kit 
which enables maintaining the original product range and the creative development of entirely new products while a 
maximum of economies of scale can be achieved. 
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The presented approach follows the procedure described by Terniko et al. [13]. As depicted in figure 1 the 
application of TRIZ follows the path from stating a specific problem which is abstracted to a standard problem. 
Subsequently this problem is transformed to a standard solution and finally transferred to the initial situation to form 
a specific solution. 
 
STANDARD
PROBLEM
STANDARD
SOLUTION
SPECIFIC
PROBLEM
SPECIFIC
SOLUTION
 
 
Figure 1: TRIZ – Procedure according to Terniko et al. [13]. 
 
The procedure of the approach presented in this paper shows a similar structure. As depicted in figure 2 the 
approach the approach consists of two major steps or phases, which are the analysis phase – resulting in a 
conceptual construction kit – and the synthesis phase. 
 
ANALYSIS
SYNTHESIS
CONCEPTUAL KIT
PHYSICAL
CONSTRUCTION
KIT
CONSTRAINTS
 
 
Figure 2: Structure of the presented approach. 
 
The conceptual construction kit serves as a basis for the generation of standardized physical solutions in order to 
provide a sufficient number of building blocks to assemble a range of products bearing all functionalities of the 
original program, i.e. the physical construction kit. 
Compared to the procedure in figure 1 the analysis phase covers the first two steps from the specific problem to 
the standard problem, while the conceptual construction kit stands for the standard solution of the whole product 
range. Thus the synthesis phase can be considered as the last step from the standard solution to the specific one, as 
the final result is the physical construction kit. 
The third phase shown in figure 2, labelled constraints, is conducted in parallel to the other phases, as it conveys 
the information necessary to evaluate and select existing and new solutions. 
The following subsections describe the single steps in detail. 
2.1. Analysis phase 
By the use of functional modelling the products are analysed. The structures gained from all product types are 
compared with the objective of discovering identical substructures. 
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ANALYSIS
identifcation of identical patterns
functional modeling
product
variants
product
versions
contradictions consistencies
 
 
Figure 3: Analysis phase. 
 
Analysis of Product Structures – Functional modelling 
Figure 4 shows the syntax of the functional modelling approach which is used in this contribution. There are two 
types of functions useful (UF) and harmful (HF) ones and the resulting function structures contain the relations 
between these functions [13]. The three relations can be used to state whether a useful function is needed to enable 
another one, a useful function has been introduced to avoid a harmful function or whether a useful or harmful 
function cause another harmful function. 
 
HARMFUL 
FUNCTION
USEFUL 
FUNCTION
causes HF
needed to enable UF
used to avoid HF
 
 
Figure 4: Syntax of functional model according to Terniko et al. [13]. 
 
When setting up the function structure the first step is to point out the primary useful or the harmful function. 
This primary function serves as the starting point for modelling, as it is considered whether and which other 
functions it influences or is influenced by. Each newly formulated function is regarded in the same way [13]. The 
result is a complete function structure as it is depicted exemplarily in figure 5. 
 
USEFUL 
FUNCTION 1
USEFUL 
FUNCTION 2
USEFUL 
FUNCTION 3
HARMFUL 
FUNCTION 2
HARMFUL 
FUNCTION 1
 
 
Figure 5: Exemplary functional structure. 
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From the gained function structure problem formulations can be derived, if functional constellations form 
contradictions [13]. For example in figure 5 causes useful function 1 the harmful function 1 but is at the same time 
required to enable useful function 2. This could lead to the following problem formulation: “Find an alternative way 
to enable useful function 2 without causing harmful function1”. 
Such problem formulations can be used as a basis for the application of the contradiction matrix, i.e. the 40 
innovative principles [17]. This is not the only advantage of this modelling method; strengths and weaknesses of the 
modelled product become evident as contradictions are be documented. 
Thus regarding the goal of standardization by modularisation – which affords an optimal design in order to 
enable the broad use of each module – this method is appropriate for the decomposition of products. 
The functional modelling is used to analyse a company’s product range, different versions of a single product 
type as well as different product types, in order to compare their functionalities. 
Identification of identical patterns 
After the analysis and modelling of the current product range is completed it is to be determined to which extent 
the different structures comprise identical constellations. 
The gained structures are examined whether they contain the similar patterns. To attain this every model has to be 
analysed and substructures, e.g. contradictions, have to be documented. 
To facilitate the comparison of the different structures the functional structures can be depicted by the means of 
matrix based approaches like for example the Design Structure Matrix (DSM) [20, 21].  
Here it is important that the type of a function is made clear by its formulation as the graphical difference gets 
lost in the matrix. Consequently it is important to label the three kinds of relations explicitly. Figure 6 shows the 
example, which is depicted in figure 5, using a DSM. 
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Figure 6: Using the DSM to depict functional models. 
 
In order to identify significant functional constellations the relations depicted in such a matrix can be clustered. 
The aim of clustering is to situate all relations between the single functions as near as possible to the matrix’s 
diagonal by rearranging the matrix’s rows and columns. Much research has been conducted on clustering algorithms 
in order to cluster the matrices automatically [22, 23], but it is also possible to cluster them by hand [22]. The 
identified clusters of different functional structures, i.e. different product versions or types, then can be checked on 
matching functional constellations. 
The analysis of functional structures provides a large amount of constellations. Thereby the two following cases 
are of interest. 
First there are substructures just consisting of useful functions. One the one hand it is important to capture 
identical groups of functions in different products or product variants. On the other hand differences in the models 
have to be assessed. For example the structure might be quite simple in one product, as only one function is 
necessary to enable another function which is essential for the product, but in another structure several functions are 
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required to fulfil this essential one. Thus it would be to examine whether the simple structure would be sufficient to 
be used in both products. 
Second there are substructures containing useful and harmful functions and thus contradictions. It has to be 
investigated whether these contradictory substructures have been solved in other products or the contradictions still 
have to be overcome. 
The resulting collection of substructures and functions has to be structured in order to derive the conceptual 
construction kit. Based on the analysis described above similar patterns are merged in a way that the merged 
structures can be used in a maximum of products. Identical patterns, consistent ones as well as contradictions, are 
documented. A product’s unique patterns are retained as they are required to constitute the products complete 
functionality. 
2.2. Conceptual construction kit 
The subsection above covers the decomposition of a product into functions and the subsequent analysis of the 
derived functional substructures. 
In a next step a conceptual construction kit is derived. Preferably this kit should form the ideal final result [17] to 
the task of building the complete product range from a minimised number of building blocks, while at this stage the 
building blocks are represented by the functional constellations identified in subsection 2.1. 
In reality the kit will comprise of contradictions as they are found in the functional structures examined before. 
These remaining contradictions serve as an indicator for inevitability of optimisation of the current design. Identical 
patterns in different products are a sign for a possible standardisation of components. As well as the identified 
unique sub structures they are included in the conceptual kit. Consequently the conceptual construction kit contains 
all functional constellations being necessary to describe all original functionalities embodied by the different product 
types and versions. 
These groups of functions are defined as modules, as they each provide a different sub-function essentially to the 
overall function of a product [8]. 
In order to handle the remaining contradictions problem formulations are derived, serving as a basis for the 
generation of solutions in the synthesis phase. 
In the following subsection solutions can be gained for all products of a product range at the same time by 
developing physical components for each of the modules defined in the conceptual construction kit, as illustrated in 
figure 7. 
 
CONCEPTUAL KIT
KNOWLEDGE BASE
TRIZ TOOLS
S-curve
40 solution principles
…
1
3
2
4
5
k1 k2
k3 kn
 
 
Figure 7: Conceptual construction kit – modules (No. 1 to 5) used as a basis for generating physical solutions. 
 
2.3. Synthesis phase 
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Based on the conceptual construction kit physical modules are generated in the synthesis phase. As shown in 
figure 8 solutions are gained from a knowledge database conveying physical solutions and by the application of 
other TRIZ tools: 
Conducting an analysis using the s-curve can lead to insights at which point of evolution the current design is to 
be located [14]. Thus on the one hand it might be reasonable to stick to the current technology or on the other hand 
the introduction of a new technology might be inevitable in order to maintain the company’s position in the market. 
The 40 principles [17] provide access to innovative new solutions by completely disengaging the developer from 
the specific problem by solving the task on an abstract basis. 
 
SYNTHESIS
evaluation
generating solutions
TRIZ tools Knowledge
base
 
 
Figure 8: Synthesis phase. 
 
Existing solutions – the knowledge base 
The knowledge base comprises of information about the original design of the regarded products. While products 
and product versions are analysed and the functional modelling is conducted as well the components embodying the 
products’ functionalities are regarded. 
These are documented using the corresponding functional substructures identified during modelling of the 
products, i.e. the knowledge base contains functional modules. 
In the synthesis phase solutions for the modules from the conceptual construction kit are extracted from the 
knowledge base by comparison to the functional modules in the database. 
The knowledge base not only serves the purpose of providing design solutions for reuse but also of preserving 
and documenting the design wisdom available in the company. For example no loss of design knowledge is caused 
by employees leaving the company. 
New solutions – S-curve and 40 principles 
As described above the s-curve can be used to determine whether immediate innovation of products is essential. 
This approach can be used to conclude to which extent it would beneficial to use the knowledge base. 
Alternatively the 40 principles can serve to generate innovative new solutions if on the one hand the conceptual 
construction kit still contains contradictions or on the other hand a leap of technology is inevitable. 
Constraints, evaluation of solutions and final result 
During the analysis and modelling of products information – additionally to functional and design aspects – is 
gathered concerning the specific conditions in the use of a product and the resulting required product properties. 
Moreover knowledge about manufacturing requirements, for example required quality of surfaces for sealing the 
device, used materials and their properties is documented in the database. 
These pieces of information comprise all relevant product requirements which can be categorised into internal 
requirements, considering constraints resulting from the current manufacturing process, and external requirements 
regarding customer requirements, product use, available space etc. 
The so gathered requirements serve as criteria to assess the solutions generated in the synthesis phase. Only those 
solutions meeting those requests being relevant to the respective module or regarded functionality are selected. 
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Thus the modules being sufficient to be employed in the final products finally are combined to form the physical 
construction kit. Hence the kit can be used to rebuild the original product range, as all requirements are fulfilled. 
Additionally new products can be derived by combining the defined modules without raising the variety of 
components. The construction kit is to be used whenever a new development project is launched. New designs are 
created solely if the requirements stated in this project cannot be fulfilled by any existing building blocks. By the 
means of standardisation, i.e. the construction kit, economies of scale can be attained and thus production costs and 
the lower number of single components reduced. 
3. Case study 
The approach presented above is currently applied to the product range of a manufacturer of pneumatic brake 
control systems. As the development of the final construction kit has not been completed yet, the case study can 
serve as demonstration of possible achievements and benefits attained by conducting the procedure of the analysis 
phase and the use of the knowledge base in order to derive the necessary building blocks. 
Pneumatic brake control systems differ widely in their configuration. They consist of various types of valves, 
each of which is contained in different quantities. 
The valves themselves are to meet specific constraints given by the environment a brake system is operated in. 
Thus on the one hand there is a large number of different valve types and on the other hand there are large 
numbers of these valve types’ versions meeting varying requirements. 
Currently each valve is developed on its own. Hence every time a new specification is required a valve is 
designed on the basis of the knowledge of one designer. As the knowledge of one developer cannot capture the 
whole amount of products in the portfolio, frequently valves partly redundant to existing ones are generated. 
Concerning the complete product range this results in a high complexity regarding the amount of different 
manufactured components and pneumatic devices. 
In order to reduce the complexity by eliminating redundant products and minimising the number of manufactured 
components the approach of combining modularisation and TRIZ is used. 
3.1. Exemplary application of the approach 
Describing the analysis of all kinds of different valve types would exceeds the room given by this contribution, 
only the implementation of the approach to check valves and pressure control valves is shown. 
Check valves are to fulfil the task of allowing air flow in only one defined direction. Pressure control valves 
control the pressure of the air flow. They allow a defined maximum of pressure, while controlling the operating 
pressure. This is for example necessary if a brake system contains devices with lower tolerable pressure than the 
highest possible pressure in the brake system [24]. 
When setting up the functional models the same labels for the functions are to be used for each valve type so far 
as possible. This is of help as soon as the resulting structures are compared, which is conducted by hand as the 
gained models consist of a relatively low number of elements. 
The analysis of the gained functional models shows differences regarding single product types. For example with 
some check valves there can be found the function of damping moved components, while in other check valves the 
forces resulting from the air flow and its pressure is balanced at valve seat. Both mechanisms are due to differently 
tight requirements concerning accuracy and reaction time of the valves. These are documented in the knowledge 
base as well as the differences in the corresponding design elements. 
Pressure control valves can be distinguished by their way of adjusting pressure. On the one hand the pressure can 
be reduced by releasing compressed air to the surroundings and on the other hand it may be sufficient to simply not 
allow any air flow as long as the pressure is intolerably high. 
Alongside to the identified differences it becomes apparent that many valves, which are part of the product range, 
fulfil the same functional and technical requirements. The comparison of the functional models belonging to one 
kind of pneumatic devices results in a collection of all functional substructures available for this type. 
By comparing of both types identical substructures can be identified. In the following two contradictions, which 
can be found in all functional models, are described. 
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Figure 9 depicts the contradiction, that the movement of the valve seat, which is needed in order to open it, 
causes the oscillation of the involved components. This by itself causes noise and additional wear on the surfaces. 
The contradiction is transformed into a problem formulation: “Find a way to avoid the oscillation of components or 
eliminate its outcome.” 
As mentioned before some check valves provide a solution to this task by damping the moved components. This 
is realised by encasing air in a chamber between the valve’s housing and the moved component, i.e. the valve seat. 
Thus if the valve seat gets opened it is slowed down by compressing the enclosed air. When moving in the opposite 
direction negative pressure is built up and again the movement is slowed down. Hence the damping serves as well as 
means to compensate any occurring pressure fluctuation. 
This mechanism can only work if a defined gap width is maintained between valve seat and bearing surface. All 
this information is gathered during the analysis and modelling of products and documented in the knowledge 
database. 
 
damping of 
components
move
valve seat open
valve seat
oscillation of 
components
cause noise cause wear
 
 
Figure 9: Damping as solution for some check valves. 
 
Another example for a contradiction is that the movement of the valve seat, in order to open it, causes that the 
valve seat – the moved component – gets jammed. The resulting problem formulation is: “Find a way to open the 
valve seat while avoiding the locking of components caused by the valve seats movement.” 
This problem can be avoided by the design of the valve seat and the corresponding components. For example the 
valve seat may consist of elastomeric material and have a conical shape corresponding to the conical shape of the 
bearing. Alternatively the bearing surface can be designed that broad and with a defined surface quality that a 
locking is not possible. 
 
locking of
components
move
valve seat
guide 
component
open
valve seat
 
 
Figure 10: Contradiction solved by means of guiding the moved component. 
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Along with the identified contradictions, several functional substructures are found to be necessary to represent 
all functionalities of the original valves. These standardised patterns each are defined as modules forming the 
conceptual construction kit. In figure 11 the modules are depicted, which represent the contradictions shown above. 
The module “avoid oscillation” stands for the contradiction of figure 9, as the module “guide component” does for 
the contradiction pictured in figure 10. 
 
CONCEPTUAL KIT  
avoid 
oscillation
…
guide
component
KNOWLEDGE BASE
wide 
bearing 
surface
damping by 
compression 
of air
…
 
 
Figure 11: Conceptual construction kit and knowledge base of pneumatic valves. 
 
When describing the contradictions and possible solutions embodied by the different valves, some requirements 
resulting from these solutions have been named. Further external constraints as accuracy and reaction time of the 
valves as well as operating temperature or the required flow rate are taken into account to assess the design 
alternatives contained in the knowledge base. 
Finally standardized designs can be derived from the database in order to form the physical construction kit to be 
used over all product variants. Figure 12 shows two exemplary details corresponding to the modules defined above. 
The building block “damping using compressed air” is the solution for the module “avoid oscillation”, as the 
building block “broad bearing surface” is selected to solve the problem stated by the module “guide component”. 
 
PHYSICAL KIT
…
damping using
compressed air
broad bearing surface
 
 
Figure 12: Standardized construction kit. 
 
So far in the case study only activities towards the standardised physical constructions kit which have been 
carried out are based on the knowledge database. However, the derived problem formulations – together with the 
conceptual kit – form a well-founded background to the application of the 40 principles. 
3.2. Discussion of results 
The application of the presented approach to the case study results in the identification of redundant products. 
Further standardized patterns can be derived to form a conceptual construction kit for pneumatic valves. 
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By setting up a knowledge database the large number of existing design alternatives and knowledge can be 
documented. Up to this point the different product types and corresponding product versions had not been captured 
in similar systematic way of documentation. Thus the database provides an extensive range of possible solutions 
which are used to derive the solutions of the valve construction kit. 
An advantage of using solely the knowledge database is that existing manufacturing tools, e.g. casting moulds, 
still can be employed. No additional costs arise for the development and production of new tools. 
As the case study still is conducted, only the database has been used to derive physical solutions. Although this 
leads to a reduction of manufacturing costs by achieving economies of scale, no prediction can be made whether the 
creation of completely new and innovative solutions would lead to more success. For example a leap in technology, 
the use of new materials etc. could lead to a better performance of the valves than possible using the elements form 
the database. 
Thus in a next step an analysis using the s-curve is to be conducted in order to investigate the potential of an 
application of the 40 principles. 
4. Summary and outlook 
In this paper an approach combining variant management in the form of modularisation with TRIZ is presented. 
The aim of the introduced procedure is to restructure a company’s complete product range in order to reduce 
manufacturing costs and facilitate the design process. This goal is reached by the development of a construction kit 
containing all standardised modules necessary to rebuild all products from the original portfolio. Thus the generation 
of solutions is conducted for the complete product range at the same time. 
By the use of functional modelling the products and product versions embodying physical solutions to identical 
functional substructures structures are recognized. The identified patterns form a conceptual construction kit which 
serves as a basis for the creation of standardised solutions to be employed in the final construction kit. 
Existing Design knowledge is preserved and reused by setting up a knowledge database comprising the original 
design elements. New innovative solutions are created using the 40 principles [17]. 
This systematic and integral procedure is rather time consuming but provides solutions for current and future 
tasks as the derived constriction kit also serves to create new products. Nevertheless future work should concentrate 
on the facilitation of the analysis process as the amount of data to be compared may become confusing easily. 
Further research also has to be conducted regarding the creation of new solutions. The case study provides 
promising results for the analysis phase but as it still is work in progress only few conclusions can be drawn on the 
creation of the final construction kit. One open task in particular is to investigate whether a leap in technology would 
lead to results bearing additional advantages. 
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